Regulation of NirA and differential proteomic study of Microcystis aeruginosa cultured on different nitrogen nutrients and different 2-OG concentrations by 庄景栋
学校编码：10384                              分类号      密级        
学号：20051302130                                        UDC        
 
 
硕 士 学  位  论  文 
                                           
不同氮源和 2-OG 浓度对铜绿微囊藻 NirA
的表达调控及差异蛋白组分析 
Regulation of NirA and differential proteomic study of 
Microcystis aeruginosa cultured on different nitrogen 




指导教师姓名： 章军  副教授 
专  业 名 称：生物化学与分子生物学 
论文提交日期：2008 年 05 月 
论文答辩时间：2008 年 05 月 
学位授予日期：2008 年    月 
  
答辩委员会主席：           
评    阅    人：           
             

































                声明人（签名）： 




































  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：2008 年  月  日 



























摘要  ……………………………………………………………………………………………I 











3.1 nirA 操纵子结构分析、nirA 基因的克隆表达及抗体制备…………………38 
3.2 不同氮源和不同浓度 2-OG 对藻细胞生长及 NirA 表达的影响……………43 
3.3 不同氮源和 2-OG 浓度对铜绿微囊藻蛋白表达的差异………………………47 
4 讨论………………………………………………………………………………………61 
4.1 铜绿微囊藻 nirA 操纵子结构分析………………………………………………61 
4.2 不同氮源对铜绿微囊藻的 NirA 表达调控………………………………………61 
4.3 不同氮源对铜绿微囊藻的蛋白组分析…………………………………………62 
4.4 2-OG 浓度对铜绿微囊藻 NirA 的表达调控……………………………………66 



















Abstract (Chinese version) ………………………………………………………………I 
Abstract (English version) ……………………………………………………………III 
1 Preface …………………………………………………………………………………1 
1.1 Study of plant nitrogen metabolism………………………………………………1 
1.2 Development of cyanobateria nitrogen assimilation research……………5 
1.3 Development of proteomics …………………………………………………………12 
1.4 Introduction of Microcystis aeruginosa……………………………………18 
1.5 Aims and significances of this research……………………………19 
2 Materials and methods………………………………………………………21 
2.1 Materials……………………………………………………………………………21 
2.2 Methods………………………………………………………………………………28 
3 Results and analysis……………………………………………………………38 
3.1 Analysis of nirA operon, expression and antiserum preparation of NirA…38 
3.2 Analysis of NirA expression………………………………………………………43 
3.3 Differential proteomics analysis of induced M. aeruginosa……………47 
4 Discussion……………………………………………………………………………61 
4.1 nirA operon analyzation……………………………………………………………61 
4.2 Regulation of NirA under different nitrogen conditions……………………61 
4.3 Different protein expression under different nitrogen conditions………62 
4.4 Regulation of NirA under different 2-OG concentration condition……67 


























源吸收操纵子结构 nirA 并成功克隆表达了 nirA 基因；在不同氮源和不同浓度的
α-酮戊二酸（2-OG）诱导培养铜绿微囊藻 7806，western blot 检测了 NirA 的表达
变化并对其进行差异蛋白组分析，探讨了差异蛋白在生物代谢途径中的作用,旨
在深入研究铜绿微囊藻的氮代谢机制。 
首先,我们分析了铜绿微囊藻 7806 的氮源吸收相关的 nirA 操纵子结构，发
现 nirA 和 narB 基因与 nrtABCD 分开，该藻并不具有保守的 nirA 操纵子结构；
找到了蓝藻中相对保守的编码亚硝酸还原酶基因 nirA，并成功克隆表达了 nirA
基因；将表达纯化的 NirA 对小鼠进行免疫，制备了多克隆抗体以用于检测 NirA
在藻细胞内的表达变化。 
接着，我们分析了不同氮源及不同浓度 2-OG 对铜绿微囊藻生长和 NirA 蛋
白表达的影响。以 BG-11 为基础培养基，氮饥饿处理 24h 后，添加不同氮源(缺
氮培养、亚硝酸钠 10mM、硝酸钠 15mM、硫酸铵 3.75mM)对藻株进行诱导处
理 24h 和 72h。之后提取藻细胞全蛋白进行 western blot 分析，结果显示不同氮
源对藻细胞 NirA 的调控具有延迟性，诱导 24h 后调控作用才显著；缺氮培养导
致胞内 NirA 含量显著下降，亚硝酸盐和铵盐对 NirA 表达有不同程度的抑制，硝
酸盐对 NirA 表达有正调控作用；在缺氮的 BG-11 培养基中添加四种浓度的 2-OG
（0、0.5、1、10mM）诱导处理该藻，发现 2-OG 对 NirA 的表达有正调控作用，
但幅度较硝酸盐小，并且正调控作用具有浓度依赖性，当浓度大于 10mM 后正
调控幅度变小。提出了 2-OG 调控铜绿微囊藻氮源吸收的模型，探讨了 2-OG 用于
水华控制的可行性。 
后，我们提取了经不同氮源及不同浓度 2-OG 诱导的铜绿微囊藻全蛋白
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进行差异蛋白组分析。氮源是藻细胞生长代谢所必需的营养，双向电泳结果显示




的可靠性。之后我们对其中可靠性较高的 10 个蛋白与 NirA 表达调控及氮代谢调
控的关系进行初步探讨：谷氨酰胺合成酶、天冬氨酸氨基转移酶和氨基转移酶主
要与氨基转运和利用相关；2个 ABC型转运系统蛋白参与多种化合物的膜间转运； 









































In our research, we analyzed the structure of nitrate assimilation operon named 
nirA，cloned and expressed the nirA gene. Then, we detected the amount of NirA by 
western blotting and researched differential proteins by proteomic techniques of 
Microcystis aeruginosa 7806 cultured under different nutrients and different 
α-ketoglutaric acid (2-OG) concentrations. The potential function of these different 
proteins was discussed. All these parameters gave us a deep insight of the nitrogen 
metabolism mechanisms: 
Firstly, we analyzed the nirA operon and found that gene nirA and narB are far 
away from nrtABCD structure. The reserved gene nirA encode for nitrite reductase 
was cloned into pGEX-6p-1 vector and then expressed in E.coli  BL21 (DE3) plysS, 
the purified product GST-NirA was used to immunize mice to prepare antiserum. 
Secondly, the impact of different nitrogen nutrition and 2-OG concentration on 
Microcystis aeruginosa 7806 was analyzed. The cyanobacteria were cultured on 
nitrogen-free medium previously and then grown on four different nitrogen 
enviroment ( no nitrogen, 10mM nitrite, 15mM nitrate, 3.75mM Ammonium sulfate ) 
from 24h to 72h.  During the next step of our experiment, the cyanobacteria were 
cultured on four different 2-OG concentrations ( 0, 0.5, 1, 10mM ) for 72h. We 
analyzed the fluctuations of NirA of the induced cyanobacteria. The results show that 
nitrate has a positive effect on the NirA expression, while nitrite and Ammonium 
sulfate have negative effect, the NirA content decrease sharply when cultured in the 
media without nitrogen; 2-OG has a concentration dependent positive effect on NirA 
expression, the positive effect reduces when the concentration is over 10mM, and it’s 
regulation extent is smaller than nitrate. We also put forward the scheme for the 
regulation of the nitrate assimilation operon by 2-OG in M.aeruginosa 7806 cells and 
discussed the feasibility of alage blooming controlling by adding 2-OG. 
Lastly，the protein profile of Microcystis aeruginosa 7806 treated in the same 
way was analyzed. Compared to the normal controlled condition ( 15mM nitrate ), 28 
differential protein spots were found when the cyanobacteria were cultured on 
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different nitrogen environment. On the other hand, 14 protein spots are affected by 
adding 1mM 2-OG to the culture media. We discussed further effect of 10 protein 
spots on the regulation of NirA and nitrogen metabolism: glutamine synthetase, 
aspartate aminotransferase and aminotransferase are related to the transport and 
utilization of Ammonium; ABC transporter protein can transfer compounds between 
membranes; PtsN regulates the transcription of nitrogen metabolism genes by sigma 
factor σ54; transcriptional regulator of LysR family is related to amino acid 
metabolism; histidine kinase senses signals on the outside of the cell and convert it 
into a response which can involve a change in the synthesis of proteins; elongation 
factor Tu charges of the elongation of peptides, and it may also acts as a chaperonin; 
peroxiredoxin is related to cell differentiation, apoptosis and signal truansduction. 
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Glu + NH4++ ATP   GS   Gln + ADP + Pi 
Gln +α- Oxo + 2Fd(red)    Fd-GOGAT   2Glu + 2Fd(Ox) 
Gln +α- Oxo + NADH   NADH-GOGAT   2Glu + NAD  
Glu + H2O + NAD/ NADP    GDH     NH4+ + α - Oxo +NADH/ NADPH 
Glu + Oxo   AspAT   Asp +α- Oxo  
Glu + Asp + ATP   As   Asn + Glu + AMP + PPi 
AS 有另一种作用形式是[4] 
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图1-1 C/N元素在高等植物细胞器间的代谢过程示意图 




































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
